Background and Purpose-In the Secondary Prevention of Small Subcortical Strokes (SPS3) trial, addition of clopidogrel to aspirin was associated with an unexpected increase in mortality in patients with lacunar strokes. We assessed the effect of the addition of clopidogrel to aspirin on mortality in a meta-analysis of published randomized trials. Methods-Randomized trials in which clopidogrel was added to aspirin in subjects with vascular disease or vascular risk factors were identified. Trials were restricted to those with a mean follow-up of Ն14 days in which both the combination of aspirin and clopidogrel was tested and mortality was reported. Results-Twelve trials included 90 934 participants (mean age, 63 years; 70% men; median follow-up, 1 year) with 6849 observed deaths. There was no significant increase in mortality with the combination therapy either in 4 short-term (14 days-3 months; OR, 0.93; 95% CI, 0.87-0.99) or in 7 long-term (Ͼ3 months; hazard ratio, 0.97; 95% CI, 0.91-1.04) trials after 1 long-term trial (the SPS3 trial) was excluded because of heterogeneity. Addition of clopidogrel was associated with an increase in fatal hemorrhage (OR, 1.35; 95% CI, 0.97-1.90) and a reduction in myocardial infarction (OR, 0.82; 95% CI, 0.74 -0.91). Conclusions-The addition of clopidogrel to aspirin has no overall effect on mortality. The SPS3 trial results are outliers, possibly because of a lower prevalence of coronary artery ischemia. Addition of clopidogrel to aspirin increases fatal bleeding and reduces myocardial infarction. Clinical Trial Registration-URL: http//www.clinical trials.gov. Unique identifier: NCT00059306.
D
ual antiplatelet therapy of clopidogrel combined with aspirin is standard antithrombotic therapy after coronary and carotid arteries stent placement and for patients with acute coronary syndromes. In the Secondary Prevention of Small Subcortical Strokes (SPS3) trial involving patients with recent lacunar strokes, the addition of clopidogrel 75 mg daily to aspirin 325 mg daily was associated with an unexpected increase in all-cause mortality (hazard ratio, 1.5; Pϭ0.005). 1 We sought to determine the effect of addition of clopidogrel to aspirin on mortality in patients with a wide spectrum of vascular disease; we conducted systematic identification of all randomized trials comparing these agents and meta-analysis of their results. To understand further the effects on mortality, we examined the effects of addition of clopidogrel on vascular versus nonvascular death, fatal bleeding, and myocardial infarction. Adverse mortality effects of combining clopidogrel with aspirin are relevant to ongoing randomized trials testing this combination. 2, 3 
Methods

Search and Selection Process
Randomized trials in which clopidogrel in any dosage was added to aspirin in any dosage and in which all-cause mortality was reported were included. Trials were excluded if follow-up averaged Ͻ14 days or if published only in abstract. Trials were identified by computerized search of the Cochrane Central Register of Controlled Trials, ClinicalTrials.gov Web site, and Pubmed using the keywords of clopidogrel plus aspirin combined with clinical trial; inquiry to the manufacturer of Plavix brand of clopidogrel was also made.
Data Extraction
Two physician reviewers (S.P., R.G.H.) independently extracted the following from published sources: data on methodological features; number of patients treated; total follow-up exposure; and occurrence of all-cause mortality, causes of death, death caused by hemorrhage, myocardial infarction, and intracranial hemorrhage. Disagreements were resolved by joint review and consensus. If the years of exposure for each treatment arm were not provided, they were estimated from the number of primary events divided by the annualized event rate; if the overall mortality rate was not provided, then the mean follow-up multiplied by the number of participants was used. The biostatistician reviewer (L.A.P.) extracted available data on hazard ratios (HR) and their 95% CIs for the long-term trials.
Outcomes
We accepted the definitions of vascular versus nonvascular causes of death as reported in the individual clinical trials. For these analyses, deaths categorized as of unknown cause were combined with vascular deaths (ie, vascular deaths included all deaths that were not determined to be nonvascular). We accepted the diagnosis of myocardial infarction as reported in individual trials.
Data Synthesis
Intention-to-treat results were used for the analyses when available (and footnoted when not available). Meta-analyses of the trial results are presented as ORs comparing dual antiplatelet versus aspirin, with the exception of all-cause mortality results for longer-term trials, in which the HR was estimated instead. (Meta-analysis of other long-term trial results as an HR was not performed, as data were less available.) Each meta-analysis OR was computed assuming a random effects model, and the assumption of statistical homogeneity of the treatment effect (across trials) was tested using the Q L statistic for the relative odds scale. If the count in 1 or more of the cells for a trial was 0, then 0.5 was added to each of the 4 cells. The meta-analysis HR for all-cause mortality in longer-term trials was computed using a generic inverse variance method for continuous data. The log (HR) and standard error for each trial result were calculated from the published HR and 95% CI. For 1 trial (CURE), HR data for overall mortality were not reported, so OR data were used; and for a relatively small trial (CASCADE), total deaths numbered 1, so data were excluded. 4 Heterogeneity across trials was evaluated using the I 2 index (percentage of the total variability in a set of effect sizes because of between-studies variability) and the 
Results
Twelve randomized trials published between 2001 and 2012 were included, with a total of 90 934 randomized participants with a mean age of 63 years, a mean follow-up of 1 year per patient, and 6849 total deaths. 1,6 -16 (Table 1 ) Numbers of participants ranged from 113 to 45 852 and average follow-up from 15 days to 2.3 years. Trial cohorts mainly included patients with vascular diseases (acute coronary syndromes, coronary artery bypass grafting, peripheral vascular revascularization, atrial fibrillation, recent lacunar stroke), but 1 trial (CHARISMA) also included patients with vascular risk factors without clinically manifest vascular disease 10 (Table  1 ). In the 8 trials in which follow-up averaged Ͼ3 months, clopidogrel versus placebo were administered double-blind. 
Mortality
Four trials with short duration of follow-up (14 days-3 months) included 46 414 participants with 3572 deaths, and were dominated by the large COMMIT trial. 9 (Table 2 ) Meta-analysis of these trials showed all-cause mortality was reduced by dual antiplatelet therapy versus aspirin alone (OR, 0.93; 95% CI, 0.87-0.99; I 2 index, 0%; Pϭ0.94 for heterogeneity).
Eight trials with longer duration of average follow-up (Ͼ3 months) included 44 520 participants with 3467 deaths (Table  2) . Meta-analysis of these trials showed no effect on mortality of dual antiplatelet therapy versus aspirin alone (HR, 1.03; 95% CI, 0.91-1.16; Table 2 ); however, there was moderate heterogeneity among the results (I 2 index, 48%; Pϭ0.07 for heterogeneity). After excluding the SPS3 trial, meta-analysis of the remaining 7 trials showed no effect of dual antiplatelet therapy versus aspirin alone on mortality (HR, 0.97; 95% CI, 0.91-1.04) with no indication of heterogeneity of results across trials (I 2 index, 0%; Pϭ0.56 for heterogeneity; Figure 1 ). Cause of death was reported as vascular versus nonvascular in 6 longer-term follow-up trials. (Table 3 
Fatal Bleeding
Six longer-term follow-up trials reported the number of fatal hemorrhages (Table 4) . Results for SPS3 were not available. The OR by meta-analysis for fatal hemorrhage among patients assigned to dual antiplatelet therapy was 1.35 (95% CI, 0.97-1.90; I 2 index, 0%; Pϭ0.57 for heterogeneity). Figure.
Meta-analysis of long-term (Ͼ3 months) trials.
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Myocardial Infarction
Myocardial infarctions were significantly reduced (OR, 0.82; 95% CI, 0.74 -0.91; I 2 index, 2%; Pϭ0.41 for heterogeneity) when clopidogrel was added to aspirin based on meta-analysis of 7 longer-term follow-up trials ( Table 5 ). The effect was of similar magnitude, but no longer significant when 3 trials involving patients with acute coronary syndromes (CURE) or undergoing coronary stent placement (CREDO, REAL-LATE/ZEST-LATE) were excluded (OR, 0.87; 95% CI, 0.73-1.04; I 2 index, 9%; Pϭ0.35 for heterogeneity). Fatal myocardial infarctions were not reported in any trial.
Excluded Trials
Trials that were excluded from these analyses and the reasons for exclusion are given in Appendix I (online data). For example, in 1 trial involving participants with acute myocardial infarction, 30-day mortality data are available, but randomly assigned clopidogrel versus aspirin was given only for the initial 2 to 4 days before coronary intervention was undertaken. 17 A small trial involving 392 patients with acute transient ischemic attack or minor ischemic stroke followed for 90 days did not report total mortality. 18 
Discussion
Based on analysis of all published randomized trials, addition of clopidogrel to aspirin does not affect overall mortality. In trials with long-term follow-up, a trend toward an increase in fatal hemorrhage with dual antiplatelet therapy (35%; 95% CI, Ϫ3% to 90%) was offset by a significant reduction in myocardial infarction (18%; 95% CI, 9%-26%). There was no impact on vascular death as reported in a subset of the trials. The 50% increase (Pϭ0.005) in mortality associated with addition of clopidogrel to aspirin in the SPS3 trial involving patients with recent lacunar stroke was an outlier when considered in the context of the other randomized trials.
Several subgroup analyses dealing with mortality from the large CHARISMA (2002) (2003) (2004) (2005) (2006) trial have been published and may shed light on the aberrant mortality results reported from the SPS3 trial. The CHARISMA trial included 15 603 patients with vascular disease or multiple vascular risk factors randomized to aspirin (dose range, 75-162 mg daily) alone versus combined with clopidogrel 75 mg daily, administered double-blind. There was no difference in all-cause mortality (371 deaths with dual antiplatelet therapy versus 374 deaths 19 reported mortality rates according to whether participants enrolled with asymptomatic (nϭ3284) versus symptomatic vascular disease (nϭ12 153) and found an unanticipated interaction (P for interactionϭ0.02) between symptom status and effect of addition of clopidogrel on all-cause mortality: all-cause mortality was increased in asymptomatic patients by dual antiplatelet therapy (HR, 1.4; Pϭ0.04) versus decreased in those with symptoms (HR, 0.91 Pϭ0.27). 19 Asymptomatic participants were much more often diabetic (83%) than were symptomatic patients (31%); fatal bleeding did not account for the excess in deaths among asymptomatic patients. A second post hoc analysis considered diabetes and diabetic nephropathy (microalbuminuria Ն30 g/mL as reported by local investigators) and concluded that patients having diabetic nephropathy was related to increased mortality in patients assigned to clopidogrel. 20 A third analysis examined bleeding complications and found a strong independent relationship between moderate bleeding and all-cause mortality (HR, 2.9; PϽ0.0001). 21 The aspirin dosage (325 mg daily, enteric-coated) used in SPS3 is higher than that used in most other randomized trials testing dual antiplatelet therapy. Higher aspirin doses have been associated with increased rates of life-threatening bleeding when combined with clopidogrel. 22, 23 However, in a large trial involving 12 566 patients with acute coronary syndromes, participants randomly assigned to aspirin 300 to 325 mg daily versus 75 to 100 mg daily combined with clopidogrel 75 mg daily had no increase in mortality (143 deaths with high-dose aspirin, 156 deaths with low-dose aspirin; HR, 0.93; 95% CI, 0.74 -1.16). 24 Limitations of this meta-analysis include that it is based on published data and not on pooling of individual patient data, and therefore it was not possible to perform subgroup analyses according to history of coronary heart disease or to explore consistency of the treatment effects on mortality in key subgroups.
We hypothesize that in cohorts with a sufficiently high frequency of coronary artery disease, addition of clopidogrel to aspirin results in a neutral effect on mortality, explained by a reduction in myocardial infarction being offset by increases in fatal hemorrhage and moderate hemorrhage that are associated with death. Cohorts with overall low mortality rates and low frequencies of coronary artery disease, such as the SPS3 cohort and asymptomatic subgroup of the CHARISMA trial, may have increased mortality with dual antiplatelet therapy because the absolute reduction in coronary events does not offset death related directly or indirectly to bleeding complications.
However, we cannot exclude that the results of SPS3 could be caused by extreme play of chance. Nevertheless, we hypothesize that the chronic use of dual antiplatelet therapy with clopidogrel and aspirin may adversely affect mortality compared with aspirin monotherapy in cohorts with low rates of coronary artery ischemia, such as those participating in the SPS3 trial.
